ABSTRACT. Spatiotemporal change of the cytosolic free Ca2+ concentration ([Ca2+L) in response to a variety of secretagogues was examined in rat pancreatoma AR-42J and AR-IP cells by microspectroflurometry and digital imaging microscopy after loading with fura-2. In the presence of external Ca2+, carbachol, CCK-OP (cholecystokinin-octapeptide), gastrin, norepinephrine or high K+ evoked a large transient increase in [Ca2+]i in AR-42J cells which declined to a sustained level before slowly declining towards the resting level. In the absence of external Ca2+, a transient increase in [Ca2+L were evoked by all the ligands except for high K+ stimulation, which declined rapidly towards the resting level. The [Ca2+]i increase caused by carbachol and high K+ treatment was inhibited by muscarinic receptor antagonist, atropin, and by L-type Ca2+ channel blocker, nifedipin, respectively. The transient [Ca2+]i increase induced by gastrin stimulation was not blocked by Ca2+ channel blocker, lanthanum. In the AR-IP cells, which are non-differentiated pancreatoma cell line, all stimulations including high K+ treatment have failed to evoke [Ca2+]i response. These intracelluar Ca2+ mobilizations in response to ligands in AR-42J cells were displayed by digital imaging microscopy. From these results we conclude that AR-42Jcells has an a-adrenergic receptor, in addition to muscarnic acetylcholine receptor, CCK-OP receptor, gastrin receptor and voltage dependent Ca2+ channel. In marked contrast, AR-IP cells have neither any hormonereceptor for the above ligands nor voltage dependent Ca2+channel.
Ca2+is used as an important second messenger to transduce extracellular signals into physiological responses in wide varieties of cells (15, 17) . Extracellular signal activates phospholipase C (1, 2, 8, 15, 22) , which hydrolyses phosphatidylinositol-4,5-bisphosphate (PIP2) to produce two second messengers: inositol-l ,4,5-trisphophate (IP3) and 1 ,2-diacylglycerol (DAG) (1). DAGactivates phospholipid-and Ca-dependent protein kinase C (16) , whereas IP3 induces Ca2+ release from the intracellular Ca2+ stores (20) . This initial transient [Ca2+] i increase is followed by a subsequent sustained entry of Ca2+ from the extracellular medium. In the pancreatic acinar cells, the agonists such as carbachol, cholecystokinin-octapeptide (CCK-OP) and bombesin cause Ca2+ mobilization and digestive enzyme secretion (6). To understand Ca2+ dynamics in exocrine pancreatic cells, the study of cultured lines of pancreatic acinar cells would be beneficial. We have used two rat pancreatic tumor cell lines, AR-42J and AR-IP, which were derived from a chemically induced carcinoma of acinar pancreas (12) . The AR-42J cells have been reported to contain digestive enzymesand secrete amylase (12, 14, 19) . Very recently, Ca dynamics in the AR-42J cells after treatment with substance P To whomcorrespondence should be addressed.
and bombesin have been reported (5, 7), and intracellular Ca2+ oscillation has been described (9, 10, 13 propanesulfonic acid] and 25 mM NaHCO3(pH 7.4), the cells (1.5 x 10"8 cells/cover slip) were incubated with 6juM of fura-2 AM.After incubation with 95%O2/5%CO2 for 50 min at 37°C, the cells on glass cover slip were rinsed twice with fresh M-199 containing 1.28 mM CaCl2, then mounted in a Rose chamber (18) (Ikemoto, Japan), which was filled up with 2.1 ml fresh medium and put on the microscopic stage kept at 37°C with a thermostatted heater.
For incubation medium, physiological salt solution (PSS) was also used, which contains (in mM) 145 NaCl, 5 KC1, 1 MgCl2, 10 glucose, 2 CaCl2, 10 HEPES [N-(2-hydroxyethyl)piperazine-N'-2 ethanesulfonic acid] and 12.5 NaHCO3(pH 7.4) equilibrated with 95%O2/5%CO2. Nominally Ca2+-free solution was identical to PSS expect that CaCl2 was replaced with 1 mMEGTA[ethylene glycol bis (/3-aminoethyl ester)-N,N,N',N'-tetraacetic acid]. PSS with high K+ contained (in mM) 150 KC1, 1 MgCl2, 10 glucose, 2 CaCl2, 10 HEPES and 12.5 NaHCO3 (pH 7.4) equilibrated with 95%O2/5%CO2. Ligands for stimulation were gently added to the cells in the chamber by using Pipetman (Gilson, France). When stimulated sucessively, the second ligand was added in the similar manner without washing.
Digital Imaging Microscopy and Microspectrofluorometry. Weused a digital imaging microscopy system for Ca2+mesure-ment, which is composedof inverted microscope IMT-2RFL with a color image analyzer, CIA-102 (OLYMPUS, Japan) and equipped with an OSP-2 microspectrofluorometer as described previously (21) . The system was improved by changing the light source from a mercury lamp to a 75Wxenon lamp (23) . Emission wavelength was 510 nm, while the excitation wavelength was 340 nm/380 nm. Video images were obtained using a night vision silicon-intensified target camera (SIT camera, CTC-9000; Ikegami, Japan). The analogue output was fed either directly or indirectly through a high vision video recorder (S-VHS video; Toshiba, Japan) equipped with a video timer, into an image display. The output was digitized to a 512x480 pixels and of256 gray levels by a CIA-102 with 2 Mbyte frame memory (30 frames per second, analogue/ digital conversion). Images were stored on a CIA-102 and their images were integrated to improve signal/noise ratio. Then 340 nm/380 nm ratio images were calculated by a CIA-102 using a host computer HP-310 (Hewlett-Packard) to obtain a pseudocolor. The digital images were recorded by a color video printer (VCP, Mitsubishi, Japan). pCa of the cell was estimated by the procedure previously published (21 , 23) .
RESULTS
Ca2+ dynamics in AR-42J cell. Figure 1A shows Fig. 5A . This figure is a representative result in 6 others. (Fig. 6Ac ). Even after 6 min (Fig. 6Ad) , the average [Ca2+]i was still higher than the resting level (Fig. 6Ab ).
After stimulation with CCK-OP, [Ca2+]i reached a peak at 8sec (Fig. 6Ae) followed by a slow decline toward the resting level (Fig. 6Af) . After reaching a steady state, [Ca2+]i increased slowly again (Fig. 6Ag ). [Ca2+]j reached a peak at 18 sec (Fig. 6Bc) after stimulation with high K+. At 5 min (Fig. 6Bd ) the average [Ca2+]i was still higher than the resting level (Fig. 6Bb) . As shown in Fig. 6Ab and Bb, marked intercellular heterogeneity in [Ca2+]i in a cell colony was occasionally observed, and such heterogeneity was maintained even after stimulation (compare Fig. 6Ab and 6Ad ). Intracellular heterogeneity in [Ca2+]i was also observed (Fig. 6Ab and 6Bb) . Comparing with the bright field image shown in Fig. 6Aa and 6Ba , it is apparent that [Ca2+]i in the nuclear region is lower than that in the cytoplasmic region.
Ca2+ dynamics in AR-IP cells. 1A and 3). These results suggested that the initial transient increase is due to Ca2+ release from the intracellular Ca2+ stores. Furthermore, La3+, a Ca2+ channel blocker, did not interfere with the initial transient 4B ). This curve is similar to the Ca2+ dynamics in the absence of external Ca2+ (Fig. 3) . These results suggested that the sustained phase needs external Ca2+. Transient increase in [Ca2+]i in the AR-42J cells was also induced by norepinephrine (Fig. 2) as well as by carbachol or by CCK-OP (Fig. 1) . This result suggested that AR-42J has a a-adrenergic receptor. Recently, we have reported that rat hepatoma cell line, H-35, has a aadrenergic receptor (23) . It is interesting to point out here that AR-42J cells contain a-adrenergic receptor, because no norepinephrine action to pancreatic exocrine acinar cell has been reported so far as we know. (Fig. 6A and 6B ), and [Ca2+]i in the nuclear region was usually lower than that in the cytoplasmic region. Because of the existance of "flare" together with out-of-focus data obtained by the conventional fluorescence digital imaging microscopy, we are planning to reexamine this problem by a con focal laser scanning microscopy. Hong et al. (10) showed that intracellular Ca2+ oscillation occurred in AR-42J cells by the treatment with car- 
